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Abstract 
Evaluation of environmental-economic damage caused by disturbance of land in urban area is a major task. Current 
methodologies that are used in Russia are too complex and outdated. In this paper a modern market economy approach is 
proposed. It was used to calculate environmental-economic damage caused by major (27 ha) illegal landfill in St. Petersburg 
(Russia). The results were compared to the results obtained using official methodology for the same site. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
It is well known that the effectiveness of the land-use actions can be assessed as a set of the environmental, 
economical, social and technological effectiveness. For the lands that are or were exposed to the negative impact 
either of natural or anthropogenic origin there is a need to assess a negative effectiveness – damage caused by such 
an impact. The environmental-economic damage caused by disturbance of land (degradation of the soils and lands) 
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is represented by degradation, contamination by chemical substances and pest-killers, radioactive contamination, 
illegal dumping and landfilling [1]. 
The environmental damage can be characterized by exceeding of the maximum allowed concentrations values for 
the pollutants, degradation of the hydro-geological characteristics of the territory, decline of the productivity of the 
agricultural holdings. These characteristics can be used for the intermediary evaluation of environmental damage. 
The main goal of the damage assessment is the estimation of the costs for the mitigation and prevention of the 
negative impacts. The effective Instruction for the Evaluation of Damage Caused by Chemical Contamination of 
Lands [2] is also oriented towards economical damage evaluation. That is why the term environmental-economic 
damage is used for the evaluation of damage caused by negative anthropogenic impacts. Usually the substantiation 
of the economical feasibility for the exploitation of the lands that were exposed to the negative impact is made using 
the comparison of the costs needed for the damage mitigation and the potential benefits from the land reclamation 
[3-8]. The evaluation should be made taking into account the categories of the targeted land use (the category have 
to be determined for each case) [9-14]. Different categories may apply drastic change to the result of environmental-
economic evaluation as will be demonstrated in a case-study [15-22]. A new market economy oriented approach for 
environmental-economic damage evaluation in Russia is needed. Such approach will be proposed at Materials and 
methods section. Its testing results for the illegal landfill site situated in St. Petersburg and their comparison to the 
results obtained using official methodology will be presented. 
2. Materials and methods 
The current official methodologies for environmental-economic damage evaluation in Russia are complicated in 
general and not that easy to use. In case of the market economy in order to make such evaluation more simple and 
clear the market methods should be used instead. This should improve the efficiency of the land management. 
Instruction for the evaluation of damage caused by chemical contamination of lands [2] determines the following 
ways of the evaluation of damage to lands caused by contamination and illegal dumping: 
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where: P - is the amount of payment for the damage caused by contamination of land with n chemical pollutants 
(thousands of rubles); Hc - the standard cost of the agricultural land (thousands of rubles per ha). The standard cost 
for the urban lands and lands of lesser is provided by the federal government and is the subject for approval for the 
local government; Kb - the conversion rate that depends on the time needed for the reclamation of the agricultural 
lands; Si - the area of the land contaminated with pollutant i (ha); Ka(i) - the conversion rate that depends on the 
contamination intensity of the pollutant i; Ke(j) - coefficient of the environmental situation and environmental 
significance of the economical region j of the Russian Federation; Kr - the conversion rate that depends on the 
contamination depth [2]. 
The standard costs of the agricultural lands from the Eq. 1 are outdated. For the current conditions of the market 
economy and payment for the land use the standard cost (Hc) should be replaced with the market price of the land 
(Cp) that were disturbed (before the contamination). Hence the formula (1) should look like this: 
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The damage from illegal dumping is evaluated using Eq. (3): 
,25
1
)bKe(j)KiM
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where: Hn(i) - the standard cost for the illegal dumping per 1 ton (1 m³) of waste as specified in [2]. Class of hazard 
for the waste in [2] is determined using the “Temporary classifier of the hazardous industrial waste” and “The 
manual for the class of hazard evaluation for industrial waste”; Mi - mass or volume of waste of type i (T or m3); 
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25 - the rising coefficient for disturbing of lands with illegal dumping (there is no explanation in the methodology 
why this particular number is used). 
Demonstrated Eq. (1), Eq. (2) and Eq. (3) have a significant flaw - they do not take into account the factor of 
time. In the conditions of the market economy the land use is based on payment for the services that are provided by 
land [4]. In this research it is proposed that the environmental-economic damage from the contamination of land and 
illegal dumping should be evaluated using one of the two options: 
x If it is not feasible to reclaim disturbed land then it is necessary to estimate the market cost of the land before the 
negative impact and add the lost profit for the possible rent for the 49 years and the cost for conservation as well. 
x If the disturbed land was returned to circulation via reclamation the damage will be equal to the reclamation cost 
plus the lost profit during the period the land was damaged and during full reclamation period (technical and 
biological stages of the reclamation – about 5-8 years). 
For the first option the environmental-economic damage (Ye1) can be calculated using Eq. (4): 
y
B
k
C
p
C
e
Y  
1
,                   (4) 
where: Cp - the market (cadastral) value of the land lot before the contamination; Ck  - the cost of the conservation of 
the contaminated land; Bу - the lost profit from the maximum possible discounted rent for the maximum possible 
time - 49 years. 
Market price of the land can be determined in a couple of ways: 
x as an index of the cadastral price of the land (according to paragraph 3 of the Federal Standard for Evaluation 
#4 - the cadastral price is market price of the land that was determined during the cadastral evaluation using 
methods for the mass evaluation); 
x via standard methods of the land's market price evaluation (comparative approach, revenue approach, etc.). 
It is clear that using the cadastral price (if it is available) is the most simple way of finding market price for the 
land for when determining the damage caused by disturbance of land. Though one should keep in mind that for the 
conditions of the Russian Federation cadastral price of the land will be close to its market price only at the 
settlement's land (one of the divisions of land in Russia that are located within the administrative borders of the 
settlements). In other cases the precision of the cadastral price evaluation is relatively poor which is caused by the 
evaluation method and the market price should be evaluated using comparative or revenue approach [2]. 
The market price of the land (Cp) (if the cadastral price is not available) can be evaluated if there is enough 
information about land bargains using comparative approach (comparison of sales method) in conjunction with 
correlation and regression analyses. The main condition for comparison of sales method to be applicable is the 
availability of the data about prices and land bargains for the land lots similar to the one being evaluated. It is 
considered that there is enough data available if its amount meet following condition: N ≥ 6 · (m + 1), where: 
N - sample size (the number of the similar objects); m - the number of cost factors chosen for the creation of the 
model of the land price evaluation. 
If there is not enough data on the similar objects then the certain sequence of adjustments for the comparison of 
sales method. Also the revenue approach is the alternative in this case for the market price evaluation. 
Lost profit - is the revenue deficiency comparing to the regular revenue for the land owners if their rights would 
not be violated. 
Calculation of the lost profit is performed by discounting the future revenue that were not acquired because of the 
disturbance of land (contamination or illegal dumping) and the processes of the land reclamation, but would be 
acquired if the land was not disturbed. 
The revenue of the land owners can be either: 
x the rent revenue for the land [4]; 
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x the difference between the income (from the product sold that have been made using given land) and payments 
(production expenditures) for the specified time interval. 
The amount of the lost profit for the time taken for the recovery is evaluated via method of discounting of the 
cash flow using following equation: 
,
n
=j jR)+(
jI=PV ¦
1 1
                   (5) 
where: PV — current value (or By — the lost profit from Eq. 4 at the time of the evaluation that covers all the period 
when the land was not in use due to contamination); Ij - annual net profit lost due to contamination of land for the 
period j (cash flow); R - the discount rate; j - period number. 
For the goal of the calculation presented here the discounting is a process of reduction all the profits connected to 
the given land lot in future to the date of calculation of losses using given discounting rate. The simple and available 
way of the calculation of the discounting rate is the method of the cumulative construction: 
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where: Rf  - risk-free rate of return; RV - a premium for the risk of investment into real property; Rl - a premium for 
the risk of low liquidity; Rm - a premium for the risk management. 
For the second option of environmental-economic damage caused by land contamination and illegal dumping 
(Ye2) can be calculated using Eq. (7): 
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where: Crec — cost of the reclamation; Bу — the discounted lost profit for the time of the under-exploitation of land 
due to its contamination and following reclamation (technical and biological reclamation stages lasts for 5-8 years). 
The reclamation cost (Crec) have to be calculated for each case independently using working reclamation plans, 
evaluation of the amount of work and financial estimates [12]. The lost profit (Bу) can be calculated the same way it 
was demonstrated for the first option. 
3. Results and discussion 
Here we present results of the environmental-economic evaluation using proposed method and the official 
approach. The calculations were made for the illegal landfill that was situated at the northern part of St. Petersburg 
near the Road to Kamenka (60.064653º northern latitude, 30.267622º eastern longitude) [23]. Fig. 1 shows the 
situation. Begin with the calculation of environmental-economic damage using Eq. 3. The volume of waste at the 
illegal landfill site was over 188 thousands of m3 [4]. Waste density was approximately 0.5 T/m3, therefore M = 
94 000 T. The waste mostly consisted of municipal solid waste with the share of construction waste, therefore the 
class of hazard is 4 and Hn = 2000 rubles per ton (in prices of 1993) [2]. Ke = 1.3; Kb = 1 (for the lands under 
forests). Under these conditions the environmental-economic damage is 6 110 000 rubles in prices of 1993. Taking 
into account Consumer Price Index for the period 1993-2014 which is 1498.6% the final result is 91 564 000 rubles 
in prices of 2014 for 27 ha of illegal landfill land. 
It should be outlined that it is very hard to perform necessary calculations using Eq. 1. There is a need to perform 
a quite costly survey with a lot of chemical analyses taken at the number of spots at the site at the different depth. 
Such analyses were not performed for the given illegal landfill site. Using the market method proposed in this paper 
another environmental-economic damage evaluation for the same site was made. 
The first option: if the land under illegal landfill site (forest land) is conserved and completely taken from the 
economic turnover (Eq. 4) – the environmental-economic damage is about 23 980 000 rubles (the cadastral value of 
the forest land is about 193 900 rubles; conservation cost is about 23 760 000 rubles; the discounted lost profit for 
the 49 years – 26 000 rubles). 
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Potential market value of the land at the given site if supposed land-use type was changed to horticultural 
establishment can easily exceed 105 000 000 rubles. In this case the environmental-economic damage will be over 
128 786 000 rubles. 
The second option: if the illegal dumping site is recultivated and returned to economic turnover (Eq. 7) as a forest 
land – the environmental-economic damage will be about 63 535 000 rubles (recultivation costs – 63 511 000 
rubles; the discounted lost profit during recultivation period (technical and biological stages will take approximately 
18 years) – 24 310 rubles). 
 
 
Fig. 1. Illegal Landfill at the Road to Kamenka, World-View-2 imagery (July 2010). 
4. Summary 
According to the official methodology environmental-economic damage caused by illegal landfilling to the given 
land lot is about 91.5 million rubles and this number is obtained using an unexplained 25 rising coefficient. Damage 
calculated using proposed market method vary from 24 to 123 million of rubles depending on whether the land will 
be returned to economic turnover or not and on the type of lands it is related to. The higher the market value of land 
of specific type the higher the damage dealt to the land. The proposed approach allowing evaluates environmental-
economic damage taking into account value the land had before the negative impact took place. 
References 
 [1] V.N. Chechevichkin, N.I. Vatin, Megacities land drainage and land runoff features and treatment, Applied Mechanics and Materials. 614-642 
(2014) 409-415. 
[2] Poryadok opredeleniya razmerov uscherba ot zagryazneniya zemel chimicheskimi veschestvami [The procedure for determining the size of 
the damage caused by land pollution by chemicals], Moscow, 1993. 
[3] Š. Jahodová, S. Trybush, P. Pyšek, M. Wade, A. Karp, Invasive species of Heracleum in Europe: An insight into genetic relationships and 
invasion history, Diversity and Distributions. 13(1) (2007) 99-114. 
[4] Yu.V. Ryazanov, V.F. Kovyazin, V.L. Bogdanov, Environmental impact evaluation of nature reserves of the karelian isthmus, Vestnik Sankt-
Peterburgskogo Universiteta, Seriya Geologiya i Geografiya. 2 (2009) 58-65. 
31 Nikolay Arefi ev et al. /  Procedia Engineering  117 ( 2015 )  26 – 31 
[5] V. Badenko, D. Kurtener, E. Krueger, Utilization of fuzzy set theory for interpretation of data of investigations of soil contamination by heavy 
metals, European Agrophysical Journal. 1(1) (2014) 25-41. 
[6] V. Badenko, V. Terleev, A. Topaj, AGROTOOL software as an intellectual core of decision support systems in computer aided agriculture, 
Applied Mechanics and Materials. 635-637 (2014) 1688-1691. 
[7] N.V. Aref'ev, V.L. Badenko, G.K. Osipov, Basin-landscape approach to the organization of environmental monitoring of hydropower 
complexes on the basis of geographical information technologies, Power Technology and Engineering. 32 (1998) 660-663. 
[8] V.V. Terleev, W. Mirschel, U. Schindler, K.-O. Wenkel,  Estimation of soil water retention curve using some agrophysical characteristics and 
Voronin’s empirical dependence, International Agrophysics. 24(4) (2010)  381-387. 
[9] E. Lichtenberg, J. Shortle, J. Wilen,  D. Zilberman,  Natural resource economics and conservation: Contributions of agricultural economics 
and agricultural economists, American Journal of Agricultural Economics. 92(2) (2010) 469-486. 
[10] S. Medvedev, A. Topaj, V. Badenko,  V. Terleev, Medium-term analysis of agroecosystem sustainability under different land use practices 
by means of dynamic crop simulation, IFIP Advances in Information and Communication Technology. 448 (2015) 252-261. 
[11] Y. Maul, V. Garmanov, J.S. Rikoon, Soil conservation and agricultural land use in Kazakhstan Journal of Soil and Water Conservation. 48 
(1993) 382-388. 
[12] R. De Graaf, N., Van De Giesen, F. Van De Ven, Alternative water management options to reduce vulnerability for climate change in the 
Netherlands Natural Hazards. 51(3) (2009) 407-422. 
[13] R.A. Poluektov, V.V. Terleev, Modeling of the water retention capacity and differential moisture capacity of soil Russian Meteorology and 
Hydrology. 11 (2002) 70-75. 
[14] R.A. Poluektov, I.V. Oparina, V.V. Terleev,  Three methods for calculating soil water dynamics Russian Meteorology and Hydrology. 11 
(2003) 61-67. 
[15] N.V. Vatin, O.S. Gamayunova, D.V. Nemova,  Analysis of the Real Estate Market of St. Petersburg Applied Mechanics and Materials. 638-
640 (2014) 2460-2464. 
[16] R. Mosadeghi, J. Warnken, R. Tomlinson, H. Mirfenderesk, Comparison of Fuzzy-AHP and AHP in a spatial multi-criteria decision 
making model for urban land-use planning, Computers, Environment and Urban Systems. 49 (2015) 54-65. 
[17] R. Usmanov, N. Vatin, V. Murgul, Experimental research of a highly compacted soil beds, Applied Mechanics and Materials. 633-634 (2014) 
1082-1085. 
[18] R. Usmanov, I. Mrdak, N. Vatin, V. Murgul, Reinforced soil beds on weak soils, Applied Mechanics and Materials. 633-634 (2014) 932-935. 
[19] R.A. Poluektov, V.V. Terleev,  Modeling the moisture retention capacity of soil with agricultural and hydrological characteristics, Russian 
Meteorology and Hydrology. 12 (2005) 73-77. 
[20] D. Kurtener, V. Badenko, GIS fuzzy algorithm for evaluation of attribute data quality, Geomatics Info Magazine. 15 (2001) 76-79. 
[21] D. Kurtener,  V. Badenko, A GIS methodological framework based on fuzzy sets theory for land use management, Journal of the Brazilian 
Computer Society. 6 (2000) 26-32. 
[22] V. Badenko, N. Arefiev, Estimation of Wind Energy Potential of the Territory, Applied Mechanics and Materials. 617 (2014) 302 – 306. 
[23] Y.V. Ryabov Rationale of mechanisms for the land protection from illegal dumping (by example of St.-Petersburg and Leningrad region) 
Regional research, 1(39) (2013) 49-56. 
